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Annomayusn. Borpocsl 3KCIUTyaTaImOHHON U 9KOJIOTHYECKON d(PPEKTUBHOCTH KOJIIECHBIX U
TYCEHHYHBIX JIECHBIX MAIlIMH PacCMaTPUBAIOTCS B paMKaxX HAIllPaBJICHHS, a paHee OTACTHHON
HAy9HOW CIIEIMaTbHOCTH, « TeXHOJIOTHS W MAaIIMHBI JECO3aTOTOBOK M JIECHOTO XO3SHCTBa»
JIOCTAaTOYHO AaBHO. JlaHHOE HAIpaBIICHHE B3sUI0 HAYAJIO U3 TPYAOB CIICIIHAINCTOB B 00IaCTH
MeXaHHU3aINX CETbCKOTO XO3SICTBA, NETaTbHO M3YYaBIINX B3AUMOCBS3H B CHCTEME «IBHKH-
TeJb—I104Ba—ypoxKai». 11 B cenbCKOX03HCTBEHHOM, U B JIECO3aIOTOBUTEILHOM IPOU3BO/I-
CTBax TPHU PACCMOTPEHHUH B3aMMOJICHCTBUS IABIDKUTENCH JIECHBIX MAIIWH C MIOBEPXHOCTHIO
JBIDKEHHSI IITUPOKO MCTIONB30BANCH U MCIIOIB3YIOTCS METOABI MEXaHUKHU TpyHTOB. OmHAKO
JIECHBIE TIOYBOTPYHTHI SBIAIOTCS 3HAYUTEIBHO O0JIee CI0KHOM AT TEOPETHIESCKOTO U DKCIIe-
PUMEHTAIBHOTO M3YYEHUS CPEIOii, ITOCKOIBKY UMEIOT SAPKO BBIPAKEHHYIO CIIOMCTYIO CTPYK-
TypY, BKITIOYAIOIIYI0 OPTaHUYIECKIE U HEOPTaHNIECKIE COCTABIIIONINE, U K TOMY K€ ITPOHH-
3aHbl KOPHEBOM CHCTEMOM JAPEBECHO-KYCTApHUKOBOM pacTuTenbHOCTU. B HacTosiee Bpemst
B JIECO3aTOTOBUTEIIFHOM ITPOU3BOJICTBE M JIECCHOM XO3HCTBE JOMHHHPYIOT KOJIECHBIC JIECHBIE
MAaIIMHBI PA3TUIHOTO KJIacca TATH, YTO CBA3AHO C WX YHHUBEPCAIBHOCTBIO, OONBIIIMMH JKC-
IUTyaTalliOHHBIMU CKOPOCTSIMH, BO3MOKHOCTBIO TIEPEMEICHHS MEXIY JECOCEKaMH CBOUM
XOJIOM, BKJTIOYAs TIEpEMEIICHHE TI0 ToporaM OOIIero Mmoik30BaHusA. HecMoTps Ha 3HAYHUTEINb-
HBIII 00BEM TEOPETUYECKHX M IKCIIEPUMEHTAIBHBIX HCCIETOBAHUI, BBITOJHEHHBIX OTEYe-
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CTBEHHBIMH M 3apyO€)KHBIMH YYEHBIMH B 00JIaCTH B3aUMOJICHCTBYSI IBUKUTEIICH KOJIECHBIX
MaIlHH C JIECHBIMU ITOYBOTPYHTAMH, /IO HACTOSIIIET0 BPEMEHHU OCTAJINCH CJ1a00 MpopadoTaHbl
BOIPOCHI B3aMMOCBSI3H I1ara TPyHTO3aleIOB U CLETICHUS IBHXKUTEIS C TOYBOIPYHTOM. DTO
CBSI3aHO B MEPBYIO OYEPE/b C TEM, UTO OLIEHKA MPOXOJANMOCTH MAIIUHBI 10 CIETUICHHIO J1a-
eTcs Mocje aHaju3a Mokasareneil KojeeoOpa3oBaHus U CONPOTHBICHUS JIBIKeHNUIO. [laHHast
CTaThsl HAIpaBJjcHA Ha TEOPETUYECKOE PEIICHHUE ITOr0 BONPOCa, Pa3BUTHE MOAXOAA K TEO-
peTudeckoil oreHke Kod(Q(GUINEHTA CLEIUICHNSI KOJIECHOTO JBMIXKHMTEIS JIECHON MaIIuHBI C
TIOYBOTPYHTOM.
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Abstract. The issues of operational and ecological efficiency of wheeled and tracked forest
machines have been addressed within the framework of the direction, and previously a
separate scientific specialty “Technology and machines of logging and forestry” for a long
time now. This direction originated from the works of specialists in the field of agricultural
mechanization, who studied the interrelationships in the “mover-soil-harvest” system in
detail. Both in agricultural and logging production, when considering the interaction of
forest machine movers with the driving surface, the methods of soil mechanics were and are
widely used. However, forest soils are a much more complicated environment for theoretical
and experimental study, as they have a pronounced layered structure, including organic
and inorganic components, and, moreover, are penctrated by the root system of woody and
shrubby vegetation. At present, wheeled forest machines of various traction classes dominate
in logging production and forestry, which is due to their versatility, high operating speeds,
the ability to move between harvesting areas on their own, including moving on public roads.
Despite the considerable amount of theoretical and experimental research carried out by
domestic and foreign scientists in the field of interaction of wheeled machines with forest
soils, the issues of interrelation between the pitch of the ground hooks and the coupling of
the mover with the soil have remained poorly worked out so far. This is due, first of all, to
the fact that the evaluation of the machine’s passability by traction is given after evaluating
the indicators of rutting and resistance to movement. This article is aimed at the theoretical
solution of this issue, at the development of the approach to the theoretical assessment of the
coefficient of adhesion of the wheeled mover of a forest machine with a soil.

Keywords: soils, forest machines, tracking, compaction, wheeled movers, coefficient of
adhesion

Acknowledgments: The work was carried out within the framework of the scientific school
“Innovative developments in the field of logging industry and forestry” of the Arctic State
Agrotechnological University. The research was carried out at the expense of the grant of the
Russian Science Foundation No. 23-16-00092, https://rscf.ru/project/23-16-00092 /.

For citation: Khitrov E.G., Dolzhikov L.S., Dmitriev A.S., Kalyashov V.A., Grigorev L.V.,
Grigoreva O.1. Calculation of the Coefficient of Adhesion of the Forest Machine Wheeled
Mover with Soil. Lesnoy Zhurnal = Russian Forestry Journal, 2023, no. 5, pp. 126—134.
(In Russ.). https://doi.org/10.37482/0536-1036-2023-5-126-134

Beseoenue

Dxonorudeckass ¥ 3KOHOMHYECKas A((EKTUBHOCTH JI€CO3arOTOBUTEIHLHOTO
IIPOM3BOJICTBA, & TAKXKE OOJIBIIION YaCTH JIECOXO3SHCTBEHHBIX pa0OT, Ha KOTOPBIX 3a-
JIHCTBYIOTCSI JIECHBIE MAIIMHBI, BO MHOT'OM 3aBUCHUT OT 9KOJIOTHUECKOM 1 HKCILTyaTa-
LIUOHHOM 3PPEKTUBHOCTH PabOThI MPUMEHSEMBIX JIECHBIX MamuH [2, 9, 10, 15, 20,
21]. IIpu 3TOM paboTa JECHBIX MAIIHH OMPEACIISICTCS COOTBETCTBHEM IapaMeTPOB
HUX KOHCTPYKUUHU MPUPOIHO-IPOU3BOACTBEHHBIM YCIOBHSIM 3KCIUTyaranuu [6—8, 16,
17], koTOpBIE Naxe Ha OJTHUX M TeX JK€ Y9acTKax JeCHOTo (oHaa MOTYT BapbUPOBAThH
B OYCHb LIUPOKOM JuanazoHe [3-5, 14, 18, 19].

MeTonbl MeXaHUKH TPYHTOB [ 1] HalluIM MKUpPOKOE MPUMEHEHHUE B PEIIEHUH 3a-
nad econrkeHepHoro nena [ 11]. beun pa3paboransl 1 anpoOUpOBaHBI MaTeMaTHUE-
CKH€ MOJIEJIH, TIPeTHa3HaYeHHBIE /IS pacyeTa TATOBO-CIIETTHBIX CBOWCTB KOJIECHBIX U
T'YCeHWYHBIX MAaIlIMH, IToKa3areiei Kojeeo0pa3oBaHus M YIUIOTHEHUS JECHBIX TPYH-
TOB. YUTEHBI pa3IUYHbIC TAPaMETPhl IBMKUTEICH, OTHOCAIIUECS K UX TEOMETPHUH,
HarpysKe, BpeMEHH BO3JICHCTBUA Ha JIECHOU rpyHT. OJTHAKO O HACTOSIIETO BPEMEHU
c11abo mpopaboTaHbl BOMPOCHI CBSI3M IIara IPyHTO3alEeTIoB Ha CIICTIICHUE IBHKHUTEIS
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C TPYHTOM. DTO 00YCJIOBJICHO B MEPBYIO OYEPEh TEM, YTO OLCHKA MPOXOAUMOCTH
MAIIUHBI 110 CIICTUICHUIO JaeTcs MOCIe OLEHKH IMoKa3aTrelieil KojieeoOpa3oBaHus U
COTIPOTHUBJICHHMSI IBIDKCHUIO. TakuM 00pa3oM, I H3y4eHUsT OTMEUCHHBIX BOTIPOCOB
HY>KHBI BepU(HUITIPOBAHHbBIE HAyYHBIE CBEJICHHS, TIOTyI€HHBIE CPAaBHUTEIHHO HEaB-
HO. Kpome Toro, ciemyer OTMETUTh CIIOKHOCTH OIEHKH CIETUICHUS, CBSI3aHHYIO C
peanu3anuel MaTeMaTn4ecKuX Mojiesiel 1 00beMoM BeruucieHuit [11, 12].

Crarbsl HallpaBJicHa Ha Pa3BUTHE MOJXO0/A K TEOPSTUYCCKON OIeHKe K03(du-
[MEHTA CUEIUICHHS KOJIECHOTO JBUKUTEIS JIECHON MAIIIUHEI C TIOYBOTPYHTOM.

Obvexmubl u MemoOowbl UCCTEO08AHU

TeopeTndeckyto OCHOBY HCCIEIOBAHHUS COCTABIIAIOT MOJIOKEHUS MEXaHUKU
rpyHaToB [1]. ®opmMa MsATHA KOHTAKTa 3IACTUYHOTO JIBHKHUTENS C Je(OPMHUPYEMBbIM
TPYHTOM IIPUHSATA MPAMOYTOJILHOM C MOCTOSHHOM IIUPHUHON U NIEPEMEHHOM JIJTMHOM,
oTpesieNsieMOl ¢ TIOMOIIbI0 MojienH [12], mporHo3upyrolei TiryOnHy KoJen ¢ yde-
TOM CBOWCTB IpyHTa W JBMkUTENA. CBOMCTBA MOYBOIPYHTA 33Jal0TCA B 3aBUCHMO-
CTU OT Kateropuu mpouHoctu 1o [13]. Bece BeunciaeHus: peaan3oBaHbl B CUCTEME
KOMIbIOTEepHOM MartemaTuku Maple 2017.

Pesynomamul uccneoosanus u ux oocysicoenue

Cua cueruienust F, onpezensieTcsi HHTErpupoBaHueM (QYHKIHMH COPOTHBIIE-
HUSI CJIBUTY TIO TUIONIAM TSITHA KOHTaKTa. Eciy NMpHHSATH, 9TO MUPUHA MATHA KOH-
TaKTa MOCTOSIHHA, TO 3a1a4a ynpoctures [1, 11]:

I
F, =bJ.r(x)dx, (D
0

rJe b — MUpHHA MSITHA KOHTAKTa, YCIOBHO pPaBHAsl MIMPUHE KOJeca WM T'yCEHHUIIHI,
[ — nMHA TIATHA KOHTAaKTa; T(X) — (DYHKIMS CONPOTHBIICHUS CABUTY BIOJb IISITHA
KOHTAaKTa; X — KOOpANHATa, OTCYUTHIBAEMasl BJIOJIb MATHA KOHTAKTA.

s onpenesnieHust PyHKIIMUA COMPOTUBIICHHS CABUTY T(X) pAaCCMOTPHM CBSI3b
HaTpsDKeHNS CABHTA T U fedopmanny j. Beipaxkenne negopMannu ciBUra COCTaBuM
KaK MPOU3BEICHUE JINHEHHON YacTH j, © MHOXKHUTEINA G, YIUTHIBAIOILETO HEJINHEH-
HOCTb IIPU pa3BUBArOLIEMCs cpese rpyHTa [1]:

J=JoS )
npuueM [1]

j_it. T
R 3)

m
rae G — MOIyllb CABMIa; ¢ — HIar FPYHTO3ALENOB; T, — NapaMeTp, XapaKTepH3y LA
MPOYHOCTH FPYHTA MPH CABHIE.
Koadpduuuent ¢ B popmyse (2) MOKHO paccMaTpuBaTh Kak CBOETO poja aHa-
Jor ko3 QuIMeHTa ydera NoTepr Hecyleil CrocoOHOCTH B MOJICTH JIJIsl pacueTa
TTyOHHBI KOJICH.
Torna, pemmB ypaBHeHUE (2) ¢ yueToM (3) OTHOCHTEIHHO T, 3aIHUIIEM:
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XapakTepUCTUKY MPOYHOCTH IPYHTA NPHU CABHUIE BBEJEM C YUETOM €ro ociia-
OneHwMst Ipu pa3BuBaroiieMcs cpese [1]:
T, = D tge+CE, “
IJIe p — CpellHee JIaBJICHHE T10 TSITHY KOHTAKTa; (0 — yroyi BHyTpeHHero TpeHus; C —
VICTBHOE CIEIUICHHUE TPYHTA; § — KOd(PPUITUEHT, YIUTHIBAIOIINN CHUKCHHIE ITPOIHO-
CTH TPYHTa NIPHU cpe3e.
KoaddunmenT & BBeem ciemyrommumM o0pa3om:

N e

rae j, — AedopManus cABUIra, COOTBETCTBYIOMIAs cpe3y rpyHTa [19],

T G
o= pmax | =], (0)
In=1"G \E

T, — IPOUHOCTb I'pyHTa Ha cpe3 [1],
Toax = D 180 +C. (7)
Ousnueckuii cmbica (4)—(7) crneayomuii: mo Mepe pa3BUTHS JehopMaluy j
COTIPOTHUBIIEHUE C/BHTY T, CBSI3aHHOE C Y/IEIbHBIM CIleryieHneM rpyHta C, CHHUXa-
eTCsl, MPUYEM IIPOIOPLUOHAIBHO j, B ONPEICICHHbI MOMEHT CJIOH TPyHTa OKa3bl-
BaeTCs Cpe3aH U Aajiee CONPOTHBICHUE T 0OYCIOBICHO TOJIBKO €ro (PPUKIHOHHBIMU
cBoifctBamu @. Pesynbrarsl pacuetos npu j = 0,14 M, p = p, (p, — Hecymias cnocoo-
HOCTB) Ha IIPUMEPE JIECHOTO TIOYBOTPYHTA CO CBOWCTBAMH, YKa3aHHBIMU B TaOnuIIe,
MpUBeeHBI Ha pHcC. 1.

CBolicTBa J1€CHOT0 MOYBOIPYHTA, HCIIOJIb30BAHHBIC
npu pacyere kodpuuuenrta cuenienus [12, 13]

Properties of forest soil used in the calculation of the adhesion coefficient [12, 13]

JlecHoit mouBOrpyHT
[Mapamerp cnaboHecymuit CpelHEl MIPOYHOCTH HPOYHBIA
(III xkaTeropus) (II xareropwusi) (I xaTeropus)
G, MIla 2,193 2,439 2,771
C, MIla 0,0053 0,0108 0,0252
0, ...0 11,57 13,67 16,69
€ 1,0 7
09 - Puc. 1. CHmKeHHe CIEIJICHUS JIECHOTO
MOYBOTPYHTA TIPH Pa3BUBAIOIIEMCS Cpe-
0.8 4 . :
3e (/I — III xareropmst; 2 — II xareropws;
0,7 1 j 3 — I kareropwust)
0,6 + Fig. 1. The decreaseinthe adhesion of forest
0,5 : : : : : soil with a developing cut (/ — category I,
0 0,05 0,10 0,15 0,20 0,25 2 — category II, 3 — category III)

JsM

Hedopmanus casura npuHuMaetcs 1mo gopmyie [1]
J=5x, (®)

rae S — kod(hduIueHT OyKCOBaHUS JIBIKUTEIIS.
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[ocne moncranoBku (4)—(8) B hopmyny (3) momyuum ¢ysakuuio T = t(x). Ilo-
MUMO mapaMeTpoB rpyHta C, ¢, G, nsTHa KoHTaKTa b, [, p, B (3) ucnone3yercs S, .

Ha puc. 2 moka3zan npumep pe3ysbTaroB pacuyera, HITIOCTPUPYIOIIUHA CBA3b S
u ko3 durmenTa creruieHus [ 1]

My ==
GW
rae G, — BeEC MalllMHbI, OTHECEHHBIN K €TUHUYHOMY JIBUKHUTEIIO.
p 0,35 -
Puc. 2. Cs3b k03¢ dunnenra OykcoBaHus 1
k03¢ duIIeHTa ClETUICHUS (JICCHOM IT0YBO-
rpyHT Il Kareropun) 0,25
Fig. 2. Correlation between slipping
coefficient and adhesion coefficient 015
(IT category forest soil) "0 01 02 03 04 05

> > >

g
Pacuer Bemonnen ms 11 xareropuu JiecHOro movBorpyHTta npu b = 0,7 M,
G,=0,035 MH, r = 0,14 m, [ = 0,648 M (MHA IATHA KOHTAKTa 110 MOJEJN IPHU
d = 1,333 m, naBnenuu B mmmHe p,, = 0,35 Mlla).
BaxxHo OTMETUTH, UTO Ha MPAKTHKE MPSIMO YMPABJIATH 3HAYCHUEM S HEBO3-
MOYKHO; OYKCOBaHME BO3HUKHET B COOTBETCTBUHU CO CIBUIOM TOYBOIPYHTA M OIpE-
TETTUTCST U3 yCIIOBUS

F, = Fy, ©

rae £, — cuiia CONpOTUBIICHUSI ABUKEHUIO MAILIMHbI, OTHECEHHAs! K €ANHUYHOMY [IBU-
JKUTEITIO,

h
Fy :bjp(h)dh, (10)
0

h — riyOuHa KoJieu.

Taxum 00pa3om, AJS ONEHKH BO3HUKAIOIIETO OyKCOBAHMWS ABKUTENS HYKHO
pemmuts ypaBHerue (9) ¢ yaerom (1), (10) otHOCcHTenmpHO S. 3amada permaeTcs 4uc-
JICHHO, TIPH 3TOM F, OTIpeensieTcs ¢ HOMOILBIO MOJIEIH Ul pacyeTa IIIyOuHBI KOJIeH
h 1 A7VHBI IATHA KOHTAKTa /[ Ipy 3aJaHHbIX b, p,, G, U mapameTpax rpyHra o [11].
Peuienuie 3amaun npencrapisier co0or MaciiTaOHbIA BEIYUCIUTEIBHBINA SKCIICPUMEHT
1, BEPOSITHO, COCTABJISIET TIEPCIIEKTUBHOE HAIPaBIICHHE JaIbHEHIIINX UCCIIeIOBAHHA.

OpnHako M3BECTHBI PEKOMEHIAINH MPUHUMATh B MPAKTHUSCKUX pacdeTax S
pasubiM 0,1 [11]. Torna cBs3p ko3¢ duIMEHTa CLEIUICHHS |L, ¥ 1Iara TpyHTO3aLeIoB
{, COTIIACHO TIPOBEACHHBIM pacueTaM, UMeeT BH/JI TpaduKa, MOKa3aHHOTO Ha pHcC. 3.

0,33 1

Puc. 3. CBa3pb ko3 uiiueHTa CleIICHUS U :
1ara rpyHTO3alenoB (JIECHOH MOYBOIPYHT 031 4
I xareropun) 0,29 -

Fig. 3. Correlation between adhesion 0,27 o
coefficient and the pitch of ground hooks 25
(IT category forest soil) 0.23

0 0,1 0,2 0,3 0,4

> 3 > >
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Raxnouenue

[TomydeHHBI pe3ylbTaT MOKAa3bIBACT, YTO MPHU KOIPPUIIMEHTE OYKCOBAHMS
nswkuTess 0,1 MakcUManbHOMY 3HaYEHUIO KOG QHULINEHTA CLETIICHNS] COOTBETCTBY-
€T I1ar FPyHTO3aleNoB, IpuMepHO paBHbIi 0,14 M. D10 X0po11I0 coracyercs ¢ mpak-
TUYECKUM OIBITOM MPOU3BOAUTENEH IIUH JJIs IECHOW TEXHUKU U CBHUJIETENBCTBYET
00 aJIeKBaTHOCTH MPEUIOKECHHON MOJIENIN B PACCMOTPEHHOM cllydae.
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